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54 Transactions of the South Afiicnii PIiilosophical Society. 

AN INQUIRY INTO T H E  ORIGIN OF T H E  MUD RUSHES 
I N  T H E  D E  BEER'S MINE, KIMBERLEY; COVERING 
T H E  PERIOD JANUARY 1,1894, TO DECEMBER 31,1896. 

BY J. R. SUTTON, B.A. 

(Read March 31, 1897.) 

To the ordinary risks to life and limb, from blasting, from skip 
and trolley accidents, from sudden and unexpected falls of ground, 
to which all mines are more or less liable, the De Beer's Diamond 
Mine at  Kimberley has of late added the almost unique and 
unenviable distinction of mud rushes. I t  would scarcely be possible 
to convey, by a mere description, any idea of the appalling aspect in 
which death presents itself when the mud breaks loose. The 
tunnels and chambers near its point of exit are filled up almost at 
once ; all the candles are extinguished by the rush of air, and in the 
black darkness men run for their lives. Behind them the mighty 
torrent tosses great boulders before it as though they were corks, 
and tears from their places timbers that took perhaps four or five 
men to lift into place. A person caught in the full flood of the rush 
will most likely be torn limb from limb. Those overtaken when its 
force is abating are perhaps only suffocated. Some who stand no 
chance of reaching the main tunnels in time to escape, perhaps rush, 
as a forlorn hope, into this or that blind offset. Here the mud may 
be dammed up by the compressed air, and if the relief party can 
clear the mud away in time they may be saved alive. In  the 
interval-which may be a day or a week, according to the amount 
of mud-without food or light, the imprisonment is worse than 
death. Two out of three natives who were overtaken by a great 
rush of mud on May 26,-1896, were saved alive in this way after D, 
confinement of 100 hours; but it is not to be wondered at  that 
neither was quite sane when rescued. 

The composition of the mud varies considerably. It may be 
scarcely more viscous than dirty water, or it may be a6 stiff as the 
cement used by masons, with, of course, any intermediate stage. 
Generally speaking, when the mud is thin the rush is not of great 
dimensions, and in many cases, possibly, only happens because a 
pocket of water near the casing of the mine has been cut into by the 
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mining operations. The great rushes, on the other hand, are more 
often of thicker mud mixed up with large and small lumps of blue 
ground “ and “reef.” On more than one occasion 1,000 linear feet 
of tunnel have been packed full in a very few moments with mud of 
this description, and it is this which so frightfully mangles the 
unfortunate body overtaken by its onset. The blue prints annexed 
show fairly well the area attacked by a typical mud rush ; though 
not by any means the largest, they represent the last three of any 
noteworthy magnitude. Figs. 1 and 2 depict the circumstances of 
the double rush of September 9, 1896, on the 920 and 960 foot 
levels, causing the deaths of three natives ; Fig. 3 depicts the rush 
of October 17, 1896, on the 1,000 foot level, in which six natives 
lost their lives ; Fig. 4 represents the rush of November 12, 1896, 
on the 960 foot level, which was not attended with any fatality.* 
On Fig. 4 will be seen a cross tunnel which the mud failed to pene- 
trate, though each end was blocked. On all these pictures the close 
lines drawn diagonally across the direction of the tunnels indicate 
the portion of the mine from which the diamondiferous rock was 
being excavated on that particular level when the rush of mud took 
place. The red line on Fig. 1 marks the junction of the blue ground 
and boundary rock. It occupies the same approximate position on 
all the levels. 

The origin of the water in the mud is not very clearly understood. 
The belief has been general that it is directly due to the rainfall, 
and further, that a heavy rainfall is always followed after an in- 
terval of eight days by a mud rush. So much has this idea prevailed 
that any further attempt to get to the root of the matter has been 
deemed superfluous. I t  has even been said that a rainfall record is 
as good as a dated list of mud rushes. Now since none of the deep 
levels in the mine are free from the danger, and lives are certain to 
be lost so long as a firm grasp is not obtained of the physical 
agencies involved, it became very necessary to place this fact, if 
fact it should prove to be, on a sure footing. Accordingly a list of 
the dates on which mud rushes had taken place was compared with 
the rainfall of Kenilworth, the rain-gauge being about two miles in a 
direct line N.E. of the mine. I t  soon became apparent that, far from 
the mud rushes following hard upon the rain, a season of drought 
was, on the contrary, if anything, distinctly the more dangerous. 

Table 1 gives the monthly rainfall for the three years ; Table 2 
the number of mud rushes in each month. 

* According to the official returns the total number of deeths caused by mud 
rushes in the De Beer’s Mine in the three years 1894-1896 is forty-five. 

D
ow

nl
oa

de
d 

by
 [

N
ew

 Y
or

k 
U

ni
ve

rs
ity

] 
at

 0
2:

51
 2

1 
A

pr
il 

20
15

 



56 Tramactions qf the South . Afiicaii Philosophical Society . 

TABLE ~.-KENILWORTH RAIXFALL .... 

January .................. 
February ............... 
March ..................... 
April ..................... 

June ..................... 
July ........................ 
August ................. 
September ............... 
October .................. 
November ............... 
December ............... 

May ..................... 

18% 
7.29 in . 
5.35 
2.32 
1.57 
-93 
. 06 

. 28 

. 27 
. 67 

3.25 
2.52 

- 

Year ............ 24-51 in . 

1895 
-93 in . 

3.53 
1.94 
3.46 
1.30 

-00 
. 21 
. 00 
. 02 
. 08 

1.79 
2.34 - 

15.60 in . 

1596 
1.48 in . 

. 98 
2.74 
2.98 
2.25 

-56 

. 43 

. 00 
-25 
-98 

8.42 

- 

___ 
21.07 in . 

3 pars  
9.70 in . 
9.86 
7-00 
8.01 
4.48 

.62 

.21 

.71 
-29 

1.00 
6.02 

13.28 

G1.18 in . 

TABLE %-MUD RUSHES . 
1801 

January ............ 
February ......... 1 ... 
March ............... 2 ... 
April ............... 4 . . .  
May ............... 2 . . . .  
.June ............... 3 ... 
July ............... 2 ... 
August ............ 3 ... 
Septembei ......... 1 ... 
October ............ 3 ... 
November ......... 1 ... 
December ......... 1 ... 

Year ...... 23 

... 

- 

1895 
. 

1 
1 
. 

. 

2 

2 
. 

~ 

. 

. 

4 

10 
. 

18% 3 years 
... 2 . . . .  2 
... 1 ... 3 
... 2 ... 5 
... 1 ... 5 
... 2 ... 4 
... 1 ... 6 
... 1 ... 3 
... 2 ... 7 
... 3 ... 4 
... 1 ... 4 
... 1 ... 2 
... 2 ... 7 

. 19 52 
- - 

Of the thirty-six months dealt with in these two tables. nineteen 
have a rainfall under one inch. and seventeen of upwards of one 
inch . In the former months there mere twenty-nine mud rushes. 
and in the latter twenty.three . Or again. taking the totals in the 
three years of the six dry months (May to October). and the totals 
in the six wet months (November to April). in the former there were 
twenty-eight mud rushes and in the latter twenty.four . 

* The Kimberley rainfall will not be quite the same . So far as this matter is 
concerned. however. the differences are unimportant . 
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Iizquiry into the Origin of Mud RzosIu?s in DE Beer’s Mine. 57 

While the rainfall theory has little suppoi-t from these statistics, 
its insufficiency is quite demonstrated when the actual rainfall and 
mud-rush dates are put side by side. During the whole three years 
there were twenty-six instances of wet weather in which the rain 
exceeded .5 inch per day. Six of these were followed within eight 
days by a mud rush, and twenty were not. It is to be noted, more- 
over, that this ratio is obtained after favouring the rainfall theory to 
the utmost; for example, if the mud should come within nine or 
ten days after the rain, or if the rain should not quite total .5 inch, 
it is still counted in its favour. Again taking the date of each mud 
rush and putting it into one column or another, according as it was 
or was not preceded by a rainfall of qot  less than .5 inch, we get 
nine instances in favour of the theory and forty-three.against it ; and 
this also after favouring the theory in every reasonable way. It may 
further be added that the heaviest rainfall of the whole period, i .e . ,  
nearly 44 inches in the twenty-four hours ending 8 p.m. December 
30, 1896 (of which nearly 3 inches fell in two hours) has not been 
followed by a mud rush. 

But, it may be objected, is it not still possible that a mud rush is 
due directly to a heavy downpour of rain, even though nothing of 
the sort takes place within any specified period of time? Might not 
the water lie dormant until its chance came ? To understand quite 
clearly all that can be said in favour of this argument necessitates 
an acquaintance with the rudiments of diamond-mining. But for 
the purpose in hand Fig. 5, representing a section of the mine 
through the main shaft, may prove sufficient-in essentials at any 
rate. The De Beer’s Mine (like every true diamond mine) consists 
of a pipe, roughly circular in plan, extending for some unknown dis- 
tance vertically downwards into the earth. At first it was excavated 
at the top, the whole of the diamond-bearing ground being taken 
right away, until such a depth was reached that the sides threatened 
to collapse upon the quarrymen. Then underground working was 
resorted to, so that what had hitherto been ‘‘ diggings ” became a 
mine. 

As the ground from these underground workings is removed that 
from above eventually falls in, and hence it is necessary to start 
fresh levels in succession at greater depths in advance of the 
continuous crushing process. I n  the long run, for every load 
removed from below, an equal amount must settle down from 
above, and thus the depth of the old open quarry would go on 
continually increasing were it not that the boundary rock, commonly 
called “reef,” is concurrently breaking away from the sides and 
falling into the hole. There is no doubt that the grinding of the 
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50 Transactwits o j  the s o u t h  African Philosophical Society. 

different particles of this debris upon one another as they sink 
deeper and deeper must produce thousands of tons of fine material 
pre-eminently adapted for the formation of mud. Furthermore a 
heavy shower of rain will deposit thousands of tons of water in 
the great receiving funnel of the open mine. We have then what at 
first sight might appear to be all that is necessary to make the mud : 
plenty of debris, and a vast receiving surface for the water. 

A very little consideration, however, will be sufficient to convince 
one that nothing short of a deluge could possibly convert the avail- 
able materials into a viscous state. No sluits are allowed to 
discharge into the open mine, so that the precipitation is pretty 
equally distributed over the whole surface. What certainly happens 
then, is this : the rain percolates into the debris as it descends, and is 
absorbed by the top layers until they are saturated; and no layer 
below can take up any of the rain directly until the layers above can 
hold no more. I n  all probability six feet of debris could absorb quite 
that number of inches of rain. Afterwards the lower layers will 
absorb the moisture from the upper layers, by a simple drying-out 
process ; but of course this process is the inverse of that required to 
produce mud. The rain having ceased, evaporation begins, the 
upper layers are dried up, and, in their turn, dry out the lower 
layers. I t  seems, then, that while there is nothing in the rainfall 
record to support the rainfall theory, neither is there any antecedent 
probability that rain could penetrate anything like a thousand feet of 
debris save in inappreciable quantities. This deduction may be 
further enforced by a little arithmetic. I have said that mud rushes 
filling up more than a thousand linear feet of tunnel are not 
unknown.::: Combining this length with the average sectional area 
of the tunnels, say nearly 100 square feet, and remembering too 
that sundry large chutes and offsets are also filled up at  the same 
time, we have, for a large rush, a cubic content of quite one hundred 
thousadd feet, without taking account of what mud may be still left 
in the place from whence it came. Assuming that one-half is water, 
it follows that a t  least fifty thousand cubic feet of water have to be 
accounted for. Now the contour of the open mine is roughly twelve 
hundred feet in length by eleven hundred in breadth, or say a 
superficial area of about a million square feet. An inch of rain 
falling into the open mine would only represent eighty thousand 
cubic feet of water, whereas it is quite plain that at least this 
quantity would have to collect into one pocket, where every particle 
of it could act upon every other particle, before 50,000 cubic feet of 

A mud rush some years ago in the Kimberley Mine is said to have filled 
3,000 linear feet of tunnel. 
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Inqisiry i u t o  the Origin of Mfitd Rushes i i e  De Beer’s M i i ~ .  59 

it could be forced at  one swoop into the mine. Again, in the 
three years dealt with by this paper, sixty-one inches of rain fell 
(representing volume of about five million cubic feet over the mine 
area), into the open mine. Of this the greater portion would be 
evaporated again almost immediately, particularly that falling in 
small showers. Then again the top debris could absorb an enormous 
quantity without being more than damped by the moisture. I t  
would be hard to show a probability that anything like a million 
cubic feet of the five millions could eventually collect in dangerous 
quantities into pockets in the vicinity of the deep working levels. 
And yet there were fifty-three mud rushes in the same time, 
averaging perhaps ten thousand to twenty thousand cubic feet 
each in volume. 

Since the rainfall over the open mine is manifestly inadequate 
to the task with which it has been burdened, the solid fact remains 
that the water which makes the debris formidable must flow into the 
mine from the sides. Now in sinking shafts and driving tunnels in 
the solid rock outside the mine various feeders of water have been 
struck, many of them quite sufficient for all the requirements of mud 
rushes. I n  the rock tunnel, for example, on the 1,200 foot level 
of the Kimberley Mine, is a feeder of water yielding perhaps five 
thousand gallons per hour. On the 1,520 foot level of the same 
mine is another (belonging doubtless to the same water system), 
not so large, but still important. Physical observations upon these 
during the last two years reveal little, if any, changes of tempera- 
ture day after day. Their flow is constant whether the season be 
wet or dry. Their temperatures agree pretty closely with Lord 
Kelvin’s theoretical estimate of increase according to depth within 
the interior of the earth. I n  short, they are unaffected by current 
meteorological conditions. These, then, indicate the water factor 
of a mud rush. An underground spring with a flow of onlyone 
hundred gallons per hour would, since it would penetrate the 
ddbris at one spot, soon supply enough water for the greatest of 
mud rushes, without any assistance from the local rainfall. The 
two large springs in the Kimberley Mine, just referred to, and 
indeed the largest springs in either that or the De Beer’s Mine, 
are in the quartzite. And here it may not be out of place to 
mention that although the supply of top debris has always been 
ample, mud rushes never occurred until the level of the quartzite 
was reached. 

Without recognising the rainfall, then, we have at hand abundant 
materials out of which the most highly finished mud rush may be 
constructed. But to the miners, white and black, it is perhaps 
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60 Tramactions of the South African Philosophical Sock ty .  

cold comfort that the potentials of a, horrible death instead of 
seeming to exist only after a heavy rain, are always hovering near, 
and that at any time the death-dealing mud may burst upon them 
from some unexpected quarter. I t  is consequently doubtful if 
they could be induced to limit their faith in the maleficence of 
the rain. The human mind intuitively seeks reasons, and is 
generally satisfied with the most convenient-specious or other- 
wise. changes ” of the moon still account satisfac- 
torily for “changes” of the weather to the majority, because, 
elthough the relation seldom works out in practice, meteorologists 
have not yet been able to devise a simple and more convenient 
substitute. But whereas the numerous false doctrines of this 
type are of no consequence one way or the other, the same 
indifference is not to be encouraged towards what will be a stand- 
ing menace to diamond producers until Moissan’s laboratory 
supplants the mine. I t  is imperative, therefore, to ascertain 
whether any controllable agencies conspire to drive out the mud, 
or whether it rushes forth of its own accord so soon as a sufficient 
quantity has gathered together. 

At the outset of this branch of the inquiry there was some diffi- 
culty, inasmuch as the mud-rush records were not of a scientific 
closeness of description. I n  fact, it is not to be expected that they 
should be. The primary intention of an overman’s report to the 
mine manager is whether a given quantity of work has been done, 
and, if not, why not ;  for more than that the manager can satisfy 
himself by personal inspection. Thus many mud rushes, whose 
whole history and description would have been of the greatest value, 
are dismissed in a very few words : c.g. ,  I‘ March 20th, 2nd Shift. 
Mud out into Main Drift. One set of timber out. Same level, 
south side No. 10, mud out to Main Tunnel ” ; ‘ I  3/8/94 2nd Shift. 
Mud rush on 840, James k Go., in which four boys are caught and 
are undoubtedly dead, the mud being so fine, also a mud rush on 880 
in same quarter immediately underneath closing 5 filling places ” ; 
and so on. Then again there was sometimes a doubt whether such 
a time as, say; ‘ I  Feb. 20th, 3rd Shift,” always referred to the shift 
beginning at 11 p.m. ,on the 2Oth, or to that ending at 7 a.m. on the 
20th.” Nor was it always possible to determine from the wording 
of the reports whether a mud rush was of large or small dimensions. 
Still, for a preliminary inquiry such as this, it is not very likely that 
more precise terminology would have been of much greater utility. 

* The mine is worked in “ shifts” of eight hours each ; the first shift begins 
at 7 a.m. and ends at 3 p.m. ; the second begins at 3 p.m. and ends at 11 p.m ; 
the third begins at 11 p.m. and ends at 7 a.m. 

Thus the 
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Iiiqzciry into t h  Origin of Mq~d Rushes in Dc Beer’s  xi^. 61 

Now, given a sufficient quantity of mud in the vicinity of the 
underground workings, what possible in0uences, over and above its 
own weight, could be conceived as likely to set it in motion ? I can 
only think of three :- 

1. Landslips due to undermining ; 
2. Earth tremors ; 
3. Changes of atmospheric pressure. 

The first is not a matter that admits of scientific discussion. In 
the whole of South Africa there are, unfortunately, no instruments 
which would have enabled one to deal with the second; we are 
therefore restricted to the third. 
In order to consider the matter as judicially as possible, I have 

thought it best to plot the barometer curve, from observations taken 
at  8 a.m., 2 p.m., and 8 p.m., daily, for the whole thirty-six months, 
irrespective of whether a mud rush occurred in any assigned month 
or not. The curve is a very open one-twenty inches of paper to 
one of mercur-y+-with the idea of accentuating the differences of 
pressure. On the day, and as near the time as could be ascertained, 
that a mud rush took place, na or M is written under the curve, a 
small letter or a capital being used according as the account seemed 
to warrant a small or large rush respectively. W indicates a rush of 
water. The arrow-heads attached to most of the letters indicate 
roughly from which end of the working area the mud came. The 
attached numbers show the depth of the level upon which the mud 
started. The vertical lines at  the base of the diagram represent the 
rainfall-an inch of paper to an inch of rain. The horizontal lines 
through the barometer curve show the mean pressure of the month. 
The dots indicate the maximum shade temperatures of the day. I t  
is important to remember that the mean of the pressures at 8 a.m., 
2 p.m., and 8 p.m., is almost identical with the mean of tho hourly 
d u e s ,  and also that in general the maximum and minimum pressures 
will be higher and lower respectively than the crests and depressions 
of the curve. 

A study of these curves leaves, I think, no room for doubt that 
changes of atmospheric pressure are the most -potent of all ex- 
traneous causes tending to drive out the mud. Only a few mud 
rushes take place under a steady barometer, nearly all while the 
changes of pressure are rapid and the gradients steep. The greater 
number occur during the passage of it depression, and herein, though 
the analogy might be unduly pressed, remind one of the meteoro- 
logical characteristics of choke-damp. Of the whole fifty-two mud 
rushes, twenty-five took place when the barometer was below the 

* These dimensions have beon considerably reduced in printing. 
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62 Transactions of the SmLth African Philosophical Society. 

mean pressure of the month, thirteen when the pressure was 
distinctly above the mean, the other fourteen at about the mean. 
Many of the thirteen which took place when the barometer was 
relatively high were still under a depression. If we divide the 
mud rushes into two sets, large and small, we get the following 
result :- 

TABLE 3.-DISTRLBUTION O F  MUD RUSHES 
GRADIENT. 

Large 
Hushes. 

6 
8 
8 

Under a crest .................. 4 
3 

Uncertain ........................ 1 

Total .................. 30 

On a downward slope ......... 
In  the pit of a depression ... 
On an upward slope ............ 

Under a steady pressure ...... 
- 

ON THE BAROXETRIC 

Small Total 
Rushes. Rushes. 

8 14 
4 1 2  
1 ,9 
4 8 
4 7 
1 2 

a2 52 
- - 

At the same time some of those which are classed as under a 
steady pressure may yet have been subjected to great and sudden 
barometric changes, unobserved because of the great intervals 
separating the consecutive observations. This is a matter which 
could only be settled by a continuous barometric record, and, 
unfortunately, the photo-barograph of the station under my charge 
has not been running long enough to do so in every case. Certainly 
on April 30, 1896, although the barometer stood nearly at its 
normal levels at the standard observing hours, yet in between those 
times the changes were veiy great. On one other day, by a piece of 
badluck, it happened that the photograph was spoiled by a tem- 
porary failure of the clock. I should not feel inclined, though, to 
put much faith in the statistics of Table 3, because much would 
depend on one's notion of the weight to be given to the descriptive 
terms, wherefore others adopting the same method might get some- 
what different values in each class. It is safer to form a judgment 
upon the actual curves. 

What seems to be a most significant fact is revealed by an 
analysis of the hourly distribution of these rushes : Fifty-one per 
cent. have taken place during the second shift, i . c . ,  between 3 p.m. 
and 11 pm.,  twenty-seven per cent. between 7 a.m. and 3 p.m., 
and the remaining twenty-two per cent. between 11 p.m. and 7 a.m. 
I n  other words, the greater proportion come in the shift during which 
the barometer stands at the lowest point of its diurnal range. The 
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Iiiqzriry into the  Origin of Mud Rxshes in De Beei.’s Mine. 63 

diurnal range of temperature may possibly contribute something to 
this result, even as it seems, at  times, to have modified the action of 
a barometric depression. 

There are some indications of a lagging, on the part of the mud 
rushes, behind the changes of pressure, greater for large rushes than 
for small. This same lagging, if it certainly exist, could produce a 
rush of mud (which may have been started by a deep, but narrow, 
depression) right under, or even following upon the next advancing 
crest. The temperatures are apparently responsible for this anomaly. 
[See the mud rushes of April, 1894.1 

Since we are unable to locate the spot where the mud is forming, 
it is difficult to formulate a statement which shall define the precise 
effect of atmospheric pressure upon it. The ddbm’s is clearly not 
pervious to the air, because, if it were, the mud would flow out in 
an almost uniform stream as fast as it could be formed. The only 
effect of a depression would be to quicken the flow, and of a crest to 
slacken it. 

An explanation which seems to meet some of the difficulties is 
this:  Suppose a stream of water to be percolating through the 
boundary rock into the dbbris. If there should be no outlet beneath, 
this would go on until the whole mass of ddbris, up to a certain 
level depending on its capillary attraction, would be quite saturated. 
But if the mass of wet dkbris be in communication, on its under 
side, with the atmosphere, will it run out? Not unless the 
algebraic sum of the forces within the mass downwards is 
greater than the pressure of the atmosphere against it, upwards. 
It is conceivable that when the head of mud is great the mud 
may burst its bounds irrespective of the state of the barometer.* 
But when the head of mud is not great-and apparently this is 
so in most cases-the normal spring of the air (Boyle’s term 
is convenient) will detain the mud in a state of equilibrium. The 
power of the air to support a limited head of fluid is of course quite 
familiar to any one acquainted with the structure of a mercurial 
barometer. Should the analogy not be obvious the following simple 
experiment, if carefully performed, will perhaps make it so. Take a 
rough iron pot open only at  the top, pack it with earth, and add 
water until it can absorb no more. Shake it well and stand it to 
settle. Drain off any water lying on the top, and then invert the 
pot. If now a small 
hole be gently pierced through the bottom of the pot so as to admit 

In  general the mud will remain in the pot. 

* One would infer that if the head of mud were slono responsible, the mud 
below would be simply squeezed out by the excess above until the equilibrium 
was restored. 
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the air, a lot of the mud will instantly burst out of the mouth of 
the pot. 

Suppose now a given mass of mine ddbris to be saturated, and to 
be held in equilibrium by the atmosphere at  mean pressure. The 
effect of a n  increase of pressure would be simply to check the per- 
colation of water from the rock. On the other hand, a decrease of 
pressure by diminishing the conservative forces, would tend to set 
free the mud. The barometer curves do, I think, support this 
view. 

That every depression is not accompanied by a rush of mud may 
be due either to a lack of mud for the time being, or to something 
blocking the exit, or to the fact that, in ~t well-ventilated mine, with 
upcast and downcast shafts, a surface barometric depression may not 
necessarily indicate a decrease of pressure in the working places. 
Let us consider how the surface temperatures might be expected 
to act. Though the data are not yet sufficient for a rigid mathe- 
matical analysis, their general tendency will be, perhaps, obvious 
enough. So long as the surface air is warmer than the air in the 
working places, there will be, as a rule, equilibrium in the shafts 
and tunnels; but immediately the temperature of the surface air 
falls below that of the working places the equilibrium will be dis- 
turbed. The warm air from below will rise in the upcast shaft, and 
the colder surface air will flow down the downcast shaft (in the 
present instance the Rock Shaft) to take its place. As a consequence 
a current of air will be created, its strength varying in proportion to 
the difference of temperatures. The downcast current of cold air 
will be warmed as it descends, chiefly by conduction from the heated 
chambers, and hence it will not in general penetrate directly into the 
offsets and working places. On the contrary it will flow rapidly past 
their entrances along such tunnels as permit of its free ingress and 
egress. The important point to be borne in mind, however, is that 
the flow of the current past the offsets and working places will lower 
the pressures within them by suction-an operation the principle of 
which has been utilised in the anemometers of Dines and Hage- 
mann.::’ There are not any data, upon which one could base even a 
guess as to the amount of diminution of pressure such a process 
could be expected to produce. At some future time I hope to be 
able to take systematic observations of the air cursents in the 
Kimberley Mines, and this part of the question may then, it may be, 
receive some sort of solution. Meanwhile it seems clear that the 
general tendency of the temperatures is to modify the pressures: 

places are more often than not flush with the tunnels. 
* These anemometers, however, project into the air ; the mouths of the working 
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Inquiry into the Origin of Miid R&hs in De Beer's Mine. 65 

counteracting, to a certain extent, the maximum effect of the normal 
decrease of pressure during the afternoon, and assisting or impeding 
atmospheric depressions. A low temperature and a shallow depres- 
sion might even reduce the pressures underground quite as much as 
a deeper depression with' a normal temperature. Moreover, since it 
frequently happens that after a deep depression the temperature 
gradient may be falling as rapidly as the pressure gradient is rising, 
so it may happen that the maximum effect underground may not be 
felt until some time after the passage of the centre of the depression. 
I am not saying that it is so, but that the curves give colour to the 
idea.': 

The Kimberley Mine some time ago suffered with mud rushes 
quite as dangerous as those now troubling the De Beer's Mine. I 
have not been able to ascertain whether they also were sensitive to 
atmospheric changes, for the simple reason that the last took place 
shortly after my barometer record began. An attempt was made by 
the management of the mines to cope with the Kimberley mud, liy 
driving a tunnel right round the mine near the junction of the black 
shale and melaphyre (some 700 feet above the working places), with 
the idea of catching the surface water" which flowed into the 
ddbris at that spot. Curiously enough there have been very few, if 
any, mud rushes in the Kimberley Mine since this tunnel was made. 
And it is therefore intended to make a tunnel at the same depth 
round the De Beer's Mine. But it is to be noted that the 1,000 foot 
level in the Kimberley Mine was well advanced, and the 1,200 foot 
level opened, at  the same time as the water tunnel was made, and 
that both these levels tapped a quantity of water which, in all 
probability, came straight from the quartzite. This by being led 
away to the pumps could do nothing towards mud-making. If the 
water above the melaphyre is responsible for the mud, there is no 
apparent reason why mud rushes should not have taken place above 
the quartzite level-which they did not. By one of those remark- 
able coincidences, which will happen, after a systematic attack had 
been made on the '' surface water " in the De Beer's Mine sometime 
during 1895, the number of mud rushes fell off considerably. And 
the General Manager's report to the annual meeting of shareholders 

It would be hazardous, a t  this early stage, to assert that the changes of 
pressure act directly in bringing about a mud rush. The whole diminution of 
power when surface pressure and temperature fall together would not a t  any 
time be more than one-fiftieth of that keeping the mud in equilibrium. It is 
quite possible that the pressure changes may act in some indirect way. Thus, 
for example, to  take a simple illustration, an engine driver is powerless of 
himself to move his engine a single inch, but he can easily set free forces that 
will move it miles. 
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towards the end of that year contained this statement : I ‘  Mud 
IliLshes: These have been much less frequent than during the 
previous year, owing to the surface water having been taken up. 
For many months no mud rushes of a serious nature have occurred.” 
Nevertheless it will show how little effect this high-level water 
produces, that in the month of December, 1895, there was more mud 
than ever before, or since, and in the following year (1896) there was 
almost as much as in 1894 before the high-level water was interfered 
with. 

It may be expected that the tunnel which is to be driven round 
the rock, on the 1,000 foot level, between the blue ground and 
quartzite, will give better results, and capture a lot of water that is 
really dangerous. Yet it is doubtful at the best if anything but a 
temporary security can be gained thus. Deeper levels are certain to 
reintroduce the elements of mischief. Personally I am inclined to 
think that variations of current meteorological conditions ought 
not to be neglected at any time. I have recommended to the 
directors of the De Beer’s Company the free use of reoording 
aneroid barometers indicating on a very open scale, and these 
instruments may shortly be provided. I have further ventured to 
suggest that if traffic in the dangerous places could be stopped for 
about a minute (so as to eliminate artificial eddies in the air) three 
times a day, and observations taken of the behaviour of two candle- 
flames, one near the roof and the other near the floor of the 
tunnels, it might be possible to foretell a rush of mud. The Society 
will judge of the chances of success. The idea is that, as a rule, 
the heated air from the drilling and filling places should rise and 
flow out under the roof of the tunnel, cold air flowing in along the 
floor to take its place. The candle-flames ought therefore to be 
deflected accordingly. But should a volume of mud be advancing 
from its place within the bowels of the debris, the imprisoned air 
lying between it and the miners being pushed rapidly on before, 
might be expected to deflect both candle-flames outward. The wet 
and dry bulb thermometers might also furnish some useful additional 
date. Of course if any information could be gleaned in this 
manner, a very rapid judgment would be essential as to the 
proximity of the danger. 
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Inquiry into the Origin of Mud Rushes in De Beer's Mine. 67 

NOTE. 

The above paper was written in March, 1897. The De Beers 
Mine was delightfully free from mud from the end of 1896 to June, 
1897, in spite of torrential rains, and hopes were entertained that 
mud rushes had come to an end. In June, however, they began 
afresh, on a larger scale than ever, and have occurred at pretty 
frequent intervals throughout the winter 'drought. The mud rush 
of July 16th last (in which two lives were lost-one a white man, 
the other a native-while several were saved after some days' im- 
prisonment in a blind offset) is perhaps the largest on record ; four 
levels were more or less blocked, the rush of mud proper being 
succeeded by that of a body of water estimated at from two to three 
million gallons. 

Since the paper was written I have been able to compare the mud 
rushes of 1894 in the Kimberley Mine with the atmospheric con- 
ditions of the same year. The barometric factor is there, but the 
temperature factor seems to be quite absent. This is doubtless due 
to the lesser velocity of the air-current in the Kimberley, compared 
with that in the De Beers Mine. J. R. S. 
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